We examined intraspecific space use of free-ranging kangaroo rats (Dipodomys heermanni) during the breeding season using behavioral observations and radiotelemetry. Home ranges of males were significantly larger than those of females. Female D. heermanni maintained exclusive territories with essentially nonoverlapping home ranges, whereas home ranges of males overlapped with both same-and opposite-sex conspecifics, reflecting the different strategies of the different sexes. This follows a general pattern found in mammals in which spacing reflects limiting resources. There was, however, high individual variation in home range size for males, which may suggest a role for social interactions in determining spatial behavior in this species. D. heermanni, a medium-size species, appears intermediate in space use compared with the larger D. spectabilis and the smaller D. merriami.
Spacing systems characterize the pattern of distribution of individuals in a population in space and time. The location of an individual is influenced by presence or absence of other individuals (Brown and Orians 1970) , distribution of food resources (Covich 1976; Emlen and Oring 1977) , and extent of suitable habitat. The social processes by which resources are allocated among members of the population determine spatial organization. Hence, spatial organization of a population can be used to predict its social organization.
Patterns of space use by mammals have been the subject of numerous discussions and empirical tests (Lott 1991) . One metric for space use is home range size, which is a compromise between environmental conditions and selective factors such as primary production, individual metabolic requirements, predation, and social pressures. These interacting factors often lead to different levels of social interaction between and within species. For solitary rodents in particular, variation in use of space is related to sex, season, geography, and competitive behavior (Armitage 1999; Ebensperger and Bozinovic 2000; Faulkes et al. 1997; Lott 1991; Randall 1993; Rogovin et al. 1996; Yoerg 1999) .
Variation in size and overlap of home ranges by sex and season generally have been attributed to differences in resources that may limit fitness (Frank and Heske 1992; Lott 1991; Minta 1993; Ostfeld 1985; Powell 1979; Reichman 1979; Sandell 1989) and make predictions of space use that are specific to the sex of the individuals. For females and nonbreeding males, the limiting resource may be food, whereas for breeding males, the limiting resource is often estrous females. If home range size reflects a limited resource, females should have home ranges that are just large enough to include sufficient food to meet metabolic requirements for survival and reproduction and to maintain exclusive territories where possible (a prediction similar to that based solely on energetic constraints). For breeding males, however, home range size should reflect a strategy that maximizes access to fertile females. Hence, during the breeding season, the home range of a male should be larger than that required to meet energetic demands, and, therefore, larger than that of a female. This pattern of space use is common among polygynous and promiscuous rodents (meadow voles, Microtus pennsylvanicus- Gaulin and FitzGerald 1988; Madison 1980 ; grasshopper mice, Onychomys torridus-Frank and Heske 1992), but not among monogamous rodents, which show little to no difference in range size between the sexes (prairie voles, Microtus ochrongaster- Gaulin and FitzGerald 1988) .
Kangaroo rats (Dipodomys) are nocturnal, granivorous rodents that occupy discrete burrows in a variety of dry adapted habitats (Eisenberg 1963a) . They are most active on the surface in the early part of the night and forage primarily in areas of open bare ground (Lemen and Rosenzweig 1978) . These rodents gather seeds with their forepaws, which are modified for scratch digging. Seeds are initially stored in external cheek pouches before transport to a small larder hoard within the burrow and some pit caches near the entrance of the burrow, or several scatter hoards dispersed over a relatively broad area (Daly et al. 1992; Tappe 1941) .
Kangaroo rats are useful models for studying spatial organization in simple social systems because the species vary in body size (from 39 to 180 g), space use, and sociality (Randall 1993 (Randall , 1994a . Although all adult kangaroo rats are solitary and live in burrows that are diffusely spaced, the frequency and nature of contact between individuals varies among species (Jones 1993; Randall 1993 Randall , 1994a . Larger species, such as D. spectabilis (;145 g), D. ingens (;153 g), and D. deserti (;116 g) are highly territorial (defend an exclusive area) and show little overlap in home range, particularly during the nonbreeding season (Randall 1991a; Randall et al. 2002; Schroder 1979; Sullivan 2000) . By virtue of their size, larger kangaroo rats are presumably better able to defend stores of seeds (larders), which they do assiduously. In smaller species, such as D. merriami (;42 g) and D. ordii (;57 g), interactions between conspecifics often appear friendly and home ranges frequently overlap (Randall 1989a (Randall , 1991b ). Both species are described as less territorial than the larger species (Behrends et al. 1986a; Randall 1993 Randall , 1989b and though they also depend on stored food, they rely on memory to recover rather than defend dispersed, inconspicuous cache sites (Jacobs 1992) . Unlike the typical pattern of space use exhibited by other solitary rodents, neither the large nor the small species of kangaroo rat typically exhibit sex differences in home range size or overlap (Behrends et al. 1986a; Perri and Randall 1999; Schroder 1979) . Curiously, Fitch (1948) reports that D. heermanni females travel greater distances than do males (instances of .762 m). Yet, these data are based on retrapping studies and have not been replicated using radiotelemetry.
Variation in the social behavior of solitary kangaroo rats suggests that sociality may be inversely related to body size across species (Shier and Yoerg 1999) . Previous studies in the laboratory and in the field indicate that D. heermanni (;65 g) shows social behavior that is comparable to both larger territorial species with exclusive home ranges and the smaller, less territorial species with overlapping home ranges (Fitch 1948; Shier and Yoerg 1999; Tappe 1941; Yoerg and Shier 2000) . Similar to larger species of kangaroo rats, D. heermanni appears territorial (Tappe 1941) , is aggressive during captive encounters (Roest 1991; Thompson et al. 1995; Yoerg 1994 Yoerg , 1995 Yoerg , 1996 Yoerg , 1999 Yoerg and Shier 2000) , and creates mostly larder caches (Tappe 1941 ). Yet, analogous to the smaller species, D. heermanni appears to tolerate conspecifics once socialized (Eisenberg 1963b; Randall 1987; Shier 2003; Yoerg 1999) . Therefore, it is likely that the spacing patterns of intermediate-size species, such as D. heermanni, will be intermediate to the patterns exhibited by the larger D. spectabilis and the smaller D. merriami, and will be determined by different factors for each sex.
Based on these considerations, we predicted that D. heermanni would follow the pattern of space use seen in other solitary rodents. Female D. heermanni would maintain relatively small exclusive territories with nonoverlapping home ranges, whereas males would have larger home ranges and overlap with both same-and opposite-sex conspecifics.
MATERIALS AND METHODS
Field site and animals.-We studied spacing of D. heermanni on a study site (150 Â 50 m) established on a private 4,156.9-ha piece of land near Black Lake, San Luis Obispo County, California (3583.3069N, 120836.0269W) from February to June 1996. The dominant habitat of the area is coastal dune scrub containing a variety of flora such as lupine (Lupinus arboreus), salt bush (Atriplex), velt grass (Ehrharta erecta), and exotic iceplant, (Carpobrotus chilensis). Average monthly temperatures ranged from 3.38C to 17.88C in January to 10.08C to 21.18C in June. The area receives an average yearly rainfall of 314 mm.
We located active burrow entrances and placed numbered flags at each one. Three Sherman live traps (30 Â 10 Â 10 cm) with a long bridge and 0.5-cm space at the top of the door to prevent tail severance were placed in the vicinity of each flag. We set traps during the hour before dusk (baited with a combination of mixed seed and rolled oats) and checked them regularly throughout the night so that no animal remained in a trap for more than 2 h. On cold nights, we placed cotton batting inside the trap. For individual recognition at night, we marked D. heermanni with numbered ear tags covered by color-coded reflectant tape (National Band and Tag Company, Newport, Kentucky). Kangaroo rats were also weighed, age and sex were determined, and animals were checked for reproductive condition. We judged females to be in estrus when their vagina was open and swollen (categorized at !3 on a 5-point scale-Roest 1991; Thompson et al. 1995; Yoerg 1994) . We judged males to be in reproductive condition if testes were descended or partly descended into the scrotal sac.
We retrapped all individuals (n ¼ 16) on the study site 20-75 times to establish burrow residency and population density. We usually trapped for 3 nights per week during the period from 15 February to 15 March 1996, and nightly on a schedule of 10 days of trapping and 2 days of no trapping from 15 March to 5 June 1996. We did not retrap animals on the same nights in which they were radiotracked because previous studies have shown that trapping has an inhibitory effect on movements later in the night (Behrends et al. 1996b) .
Observations.-We observed animals at night with the aid of a Generation II night-viewing scope (American Technologies Network, San Francisco, California) mounted on a tripod or Generation III night-vision goggles (American Technologies Network), from sunset to midnight or midnight to dawn, depending on weather and rat activity. We selected an individual's burrow system at random, sat approximately 10 m from the main burrow entrance, and observed a focal animal for 1 h. Three to 5 locations were observed per night and all burrow systems were observed 1-3 times from February to June for a total of 200 h of focal animal observation during the study. We recorded the following behaviors by continually speaking into an audio cassette recorder: time spent foraging, approaching or leaving another kangaroo rat, chasing or fleeing, fighting, sandbathing, footdrumming, and relationships between resident and intruder. During focal animal observation, we listened to and recorded footdrumming with a Uher 4200 tape recorder (Uher, Hamburg, Germany) at a tape speed of 9.5 cm/s by placing a geophone within 10 cm of a burrow entrance and amplifying the signal strength with a 25-dB preamplifier (see below for a complete description of recording methods).
Radiotracking.-We radiotracked all 16 adults (8 males, 8 females; average weight 62.2 and 60.7 g, respectively) in 2 groups of 8 individuals to establish home range and frequency of movement. Four males and 4 females were tracked in each group to control for possible temporal variation in home range size during the spring. Kangaroo rats were divided into 2 groups because we had only 10 transmitters available during the season. We tracked the 1st group from 10 March to 5 April, and the 2nd group from 20 April to 15 May to obtain 65-94 readings ( X 6 SD ¼ 77.7 6 7.9) per animal. The number of nights radiotracked ranged from 21 to 35. In total, the data used for analyses represent 1,170 animal h and 130 animal days. We collected data by locating each radiocollared animal by foot once during the day and at 1-h intervals for a 5-h night either from 2100 to 0200 h, from 2300 to 0400 h, or from 0100 to 0600 h. Time periods for tracking were randomized over the duration of tracking. We considered this method to be the most accurate depiction of kangaroo rat home ranges because autocorrelation studies have shown that repeated use of as short a sampling interval as is possible over an extended period yields the best possible representation of range size and use (Rooney et al. 1998) .
We attached mouse-style transmitters (SM-1) around the necks of kangaroo rats with steel chain-ball collars. We encapsulated the transmitter-battery unit (4.0 g) in acrylic and mounted steel chain-ball collars to each individual unit. We altered each collar by removing 1 ball link at a time with pliers to obtain the correct size for each individual animal to prevent the animals from lodging their forepaws inside of the collar or removing the collar (G. Rathburn, pers. comm.). Standard radiotelemetry equipment was used (AVM Instrument Company, Colfax, California). Transmitters were powered by 1.5-V mercury batteries rated to last 2 months. Transmitters were tuned to individual frequencies around 150-160 MHz. We used a 12-channel receiver and a hand-held Yagi antenna to locate collared rats. Transmitters had a signal range of up to 0.56 km depending on the terrain.
The procedure for locating an animal followed that of Madison (1980) . Once an animal's signal was received, we walked toward the signal scanning the area ahead with a dim headlamp. Because of dense vegetation, kangaroo rats were rarely sighted aboveground, so we had to rely on the signal strength to indicate when we were closest to the animal's location. Once the animal was located, we recorded the distance in meters N or S and E or W from a numbered flag. We then triangulated at 908 using the nearest numbered flag to orient our direction. We took 3 readings for each location and used the average as a single radio fix for data analysis. If the strength and/or location of the signal continued to vary, the location of the strongest signal was taken and the variation was noted.
The study site was mapped as a grid to the extent of the animals' ranges (not all available habitat was used by kangaroo rats). Each average radio fix was recorded and transformed into a Cartesian coordinate.
Home ranges analysis.-We estimated home ranges with fixed kernel, adaptive kernel, and minimum-convex polygons methods in the RANGES V software program (Kenward and Hodder 1997; see Gehrt and Fritzell 1997; Worton 1987 Worton , 1989 for reviews of the advantages and disadvantages of the 3 methods). We considered the fixed kernel method a better representation of the home ranges of D. heermanni than adaptive kernel and minimum-convex polygons methods because adaptive kernel overestimated home ranges ( X ¼ 0.09 6 0.016 for adaptive kernel compared with 0.058 6 0.011 for fixed kernel and minimum-convex polygons combined) and minimum-convex polygons did not use utilization for the analyses. Utilization is important because it provides a depiction of an individual's space use by representing the frequency with which an individual uses each point in its habitat (Ford and Krumme 1979) . The utilization plot is a useful indicator of how many separate coordinates constituted the core of the animal's home range. Thus, it plots percentage of an area by the percentage of coordinates, and the point at which the slope levels off indicates the percentage of readings that constitute the core, if present (Kenward and Hodder 1997) . Consequently, we used the fixed kernel method at the 95% level for our home range calculations and overlap analysis, and plotted use to determine core activity.
Statistical procedures.-We used unpaired t-tests to determine whether size of home range varied between radiotracking sessions for male and female kangaroo rats. Because there were no significant differences in home range size of males or females between the 2 sessions (females, t ¼ 0.417, d.f. ¼ 6, P ¼ 0.69; males, t ¼ À0.321, d.f. ¼ 6, P ¼ 0.76), we assumed that timing of radiotracking did not affect home range size and we combined the data for the 2 sessions for analysis. Analysis of variance was used to analyze differences in home range sizes and overlap obtained by the 3 estimation methods. We expected females to have a smaller home range size than males and therefore employed a 1-tailed t-test to examine sex differences in home range size. An unpaired t-test was used to test for sex differences in day burrow use (burrow in which a kangaroo rat spent the day) and core use. Because utilization data were in the form of percentages, we used an arc sine transformation, which improved normality. We used SYSTAT (Wilkinson 1997 ) for all statistical analyses. Analysis of the presence of a core area followed (Kenward and Hodder 1997) . Data are presented as mean 6 SD.
RESULTS
Observations.-Dipodomys heermanni spent 95% of the time aboveground under bush cover and was therefore difficult to observe. During the time (5.2 h) the animals were observed in the open, they spent 81.1% of the time foraging, 7.0% sitting still and scanning the area, 6.5% in transit, 5.8% interacting with conspecifics (direct interaction [fighting, approaching or leaving, chasing or fleeing, or sniffing] or indirect behavior [sniffing a location at which it had recently sandbathed or resting within 8 m of a conspecific]), and 0.9% of the time sandbathing. Interactions between conspecifics were infrequent (10 in 200 h of observation). Of the 10 interactions, 8 were between close neighbors, and only 1 interaction, between 2 males, resulted in a brief fight. Both males were at the burrow of a neighboring estrous female when the fight took place.
We never heard spontaneous footdrumming during focal animal observations (either through the geophone or without the aid of signal amplification). Sandbathing behavior, however, was more frequent. Both males and females were observed sandbathing near their burrows (within 5 m; frequency in males, 13 sandbathes/h; frequency in females, 9 sandbathes/h).
Focal animals tolerated a conspecific foraging or moving around less than 8 m away in 8 of the 10 interactions. The majority of these (75%) were between males and females with the remainder (25%) between males. In all but 1 interaction, the kangaroo rat foraging farther from its territorial core moved away with no aggression exhibited. In the 1 interaction in which a fight occurred, the focal male kangaroo rat lunged at an intruding male and a short fight (,2 s) ensued. The intruding male retreated to his territorial core.
Because we were unable both to trap and radiotrack animals on the same nights, and because mating usually occurs underground, we do not have any direct evidence of successful matings, except in 1 case in which the female became pregnant and later shared her burrow system with her emergent young. This female was radiotracked during the 1st session and her young did not emerge until 23 May, indicating that she was not pregnant during radiotracking.
Radiotracking and analysis.-There were no significant differences between the home range sizes reported by the different estimation methods (F ¼ 12.64, d.f. ¼ 2, P ¼ 0.29). Accordingly, our results can be compared directly with other studies using minimum convex polygons methods. Because no differences were found in the 2 outputs and polygons were easier to plot, we chose to use polygons for figures showing home ranges and overlapping of ranges. Area of home range was not correlated with number of radiofixes (r s ¼ À0.11, N ¼ 16, P ¼ not significant), which indicates that number of radiofixes per animal was sufficient to estimate home range area.
Home range.-Home ranges of male and female kangaroo rats differed in size. Males had significantly larger home ranges than females. The home ranges of males averaged 962.5 6 746.3 m 2 ( X ¼ 0.11 ha) compared with 375.0 6 175.25 m 2 ( X ¼ 0.04 ha) for females (t ¼ À2.641, d.f. ¼ 14, P , 0.02).
There was substantial variation in home range size (0.02-0.24 ha), and male home range size was more variable than female home range size (0.125 6 0.081 ha for males compared with 0.046 6 0.024 ha for females).
Home range overlap.-Males and females differed in percentage of home range overlap with conspecifics. Male home ranges overlapped with both same-and opposite-sex conspecifics, whereas females maintained essentially exclusive intrasexual home ranges (Fig. 1) . Home ranges of both male and female were overlapped more by male conspecifics than by female conspecifics (Fig. 1) . Females overlapped with 0.7 conspecific females on average (range ¼ 0-1), whereas males overlapped with an average of 3.3 conspecific males (range ¼ 2-6; 10.7% of other male ranges). Opposite-sex conspecifics overlapped less often but over a higher proportion of their home range (Fig. 1) . Males overlapped with an average of 2.9 (range ¼ 2-6) female ranges. The restricted ranges of females caused only 5.7% of female home ranges to overlap with ranges of conspecific males (average of 2.7 males).
Core use.-Kangaroo rats maintained stable core activity within their home ranges. However, males and females used their home ranges differently. Females spent significantly more time within a 10-m 2 quadrant compared with males (t ¼ 4.50, d.f. ¼ 12, P ¼ 0.001). Females spent an average of 80.6 6 6.8% of their nocturnal activity (including subterranean activity) within a 10-m 2 quadrant (0.001 ha), whereas males spent 61.2 6 10.2% of their nightly activity within a 10-m 2 quadrant. In addition, females spent 90% of their activity within 300 m 2 (0.03 ha) and males spent 90% of their activity within 600 m 2 (0.06 ha). Utilization plot analyses showed that 90% of the radiotracking readings were within the core area for both males and females (Kenward and Hodder 1997) .
Day burrow use and distribution: day burrow distribution varied by sex.-Nearest neighbors of females were oppositesex conspecifics as opposed to same-sex conspecifics (t ¼ À7.175, d.f. ¼ 7, P , 0.0001). There was no significant difference in sex of nearest neighbor for male rats (Fig. 2) .
Two males and 1 female kangaroo rat changed day burrows during the study. One of the males disappeared during the study and was presumed dead. When his burrow became available, a female from a marginal habitat moved into it. The other male that changed his day burrow during the study was tracked following an estrous female and remained in the vicinity of her burrow until the end of her cycle.
DISCUSSION
The results of this study are consistent with the hypothesis that the spacing system of D. heermanni is determined by different factors for each sex. During the breeding season, male and female Heermann's kangaroo rats use space differently. Males had significantly larger home ranges than females. Consequently, both male and female home ranges were overlapped more by conspecific males than by conspecific females. This follows a general pattern found in small mammals in which spacing reflects limiting resources.
In contrast to previous trapping studies of D. heermanni (Fitch 1948; Tappe 1941) , home ranges in the present study were rather small. Different subspecies and habitats, rather than methods, likely contribute to these differences. Fitch (1948) studied D. h. tularensis using livetrapping in the San Joaquin Valley, California. He found this subspecies to be concentrated on knolls and ridges in shallow well-drained soil, and individuals were quite mobile. Twenty-five percent of the kangaroo rats he recaptured repeatedly moved up to 152 m. In contrast, the present study examined D. h. arenae in coastal dune scrub habitat and individuals of this subspecies were never observed to move .90 m. Because direct comparisons of radiotelemetry and retrapping data indicate that retrapping tends to underestimate rather than overestimate home range size (Bergstrom 1988; Frank and Heske 1992; Ribble et al. 2002) , disparity in the home range estimates between this study (which used radiotracking) and previous ones (which used retrapping) are more likely due to habitat and subspecific differences in home range use than to methods.
The nearly 3-fold difference in home range size between the sexes supports the prediction that estrous females are the limiting resource that determines size of home ranges for males during the breeding season. Costs of having a large home range include increased likelihood of interacting with predators and other males, and lost opportunity to search for estrous females. Competition for access to females may be high given that the operational sex ratio (ratio of estrous females to sexually active males-Emlen and Oring 1977) is strongly skewed in kangaroo rats because estrus is brief (as little as a few h per cycle) and asynchronous (Yoerg 1994 (Yoerg , 1995 (Yoerg , 1996 Yoerg and Shier 2000) . Consequently, few females are physically ready to mate at 1 time, and even when females exhibit physical estrus, they may not be in behavioral estrus. This suggests that females are a resource that is at least temporally unpredictable (Minta 1993) and as a result males should have to move farther to monitor the reproductive and behavioral status of females, and thus have large overlapping home ranges (Frank and Heske 1992; Lott 1991; Minta 1993; Powell 1979; Sandell 1989) .
Why is there large variation in home range size among male D. heermanni? It is possible that some of this variation may be accounted for by dominance status. During the breeding season, dominant males may be able to monopolize access to estrous females and as a result have disproportionately larger ranges than more subordinate males. Indeed, males with larger ranges overlap with more females than do males with smaller ranges; however, our sample sizes are too small to yield firm conclusions. Interactions of this species in the laboratory may provide additional evidence in support of this hypothesis. Laboratory experiments with this species indicate that unfamiliar kangaroo rats form linear dominance relationships during initial encounters (Shier 2003) . If dominance relationships are established in the wild, subordinate males may avoid costly interactions with dominant males by maintaining smaller home ranges.
During the breeding season, Heermann's kangaroo rats spent most of the night in core areas, often using the same burrows as during the day. Their activity was spatially concentrated similar to that reported for D. spectabilis by Schroder (1979) , and dissimilar to that reported for D. merriami by Behrends et al. (1986a;  Table 1 ). Though we saw little sign of defense of core areas, which would suggest that D. heermanni is less territorial than D. spectabilis and more territorial than D. merriami, behavioral interactions were difficult to observe. In addition, unlike both the large and small species of Dipodomys, in D. heermanni gender differences are seen in core use. At least during the breeding season, females have a smaller territorial core than males. Because costs of maintaining a large home range after the breeding season are not balanced by increased reproductive benefits, home ranges of males outside of the breeding season are likely to be smaller than those reported here.
The amount of overlap in home ranges of a species can provide indirect information about the likelihood of social interactions. At least during the breeding season, D. heermanni females appear to tolerate substantial overlap with male conspecifics. Female home ranges, however, are essentially nonoverlapping, suggesting little direct social interaction among females. The likelihood of mutual avoidance by females is supported by the result that female day burrows are Schroder (1979) and are for males and females combined; data for D. merriami are from Behrends et al. (1986) significantly closer to male day burrows than to the day burrows of other females. These results are similar to those found by Behrends et al. (1986a) , O'Farrell (1980) , and Perri and Randall (1999) , who reported that D. merriami overlap varied depending on the sex of the individuals. All 3 studies showed that female intrasexual overlap was significantly less than intersexual overlap. However, female D. merriami do overlap with other females (Behrends et al. 1986a) . In fact, when calculated as a percentage, D. merriami females overlapped with 24% of other females (Behrends et al. 1986a ). Perri and Randall (1999) found that D. merriami females overlapped with only 8% of other females, but both in the study by Perri and Randall (1999) and the study by Behrends et al. (1986a) , only a portion of the individuals on the study sites were trapped and radiocollared, and therefore the authors may have underestimated the potential home range overlap. The extensive overlap of male ranges with conspecific ranges is in contrast to the exclusive ranges of male D. spectabilis and D. deserti (Schroder 1979; Sullivan 2000 (Trivers 1972) beyond the contribution of sperm, and thus are able to expend their reproductive effort in the pursuit of mating opportunities, rivaling other males for access to females. However, sexually selected characteristics, such as elaborate weaponry and/or large body size, are not conspicuous in Dipodomys. Males will fight 1 another, but they are more likely to show mutual avoidance than aggression (Eisenberg 1963a) . Given that females are at least as aggressive as males (Yoerg 1995) , it is evident that males are not specialized for intrasexual combat. This male-male competition, then, is more likely a scramble competition than a confrontational contest, and the effects of sexual selection show up in ranging patterns more than morphological dimorphism. Male home ranges overlap with females, allowing them to visit females frequently (Randall 1991a) . At least in 1 species of Dipodomys in the field, males sandbathe near the burrows of estrous females; sandbathing sites may function to establish and maintain familiarity between potential mating partners (Randall 1991a) .
Males that establish frequent social contacts during interactions with long-term neighboring females may become more familiar to them and therefore enjoy greater mating success (Randall 1987 (Randall , 1991a . Mutual recognition by repeated exposure between neighbors with established home ranges may promote long-standing relationships among neighbors.
Consequently, a stable social organization may replace costly assessment of conspecifics even in solitary species.
